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the degree of inflammation, early detection and prompt operation of severe cholecystitis
are critical to the success of treatment. However, computed tomography (CT) has a low
discriminative value for differentiating between simple and severe cholecystitis. Therefore,
to enhance the diagnostic accuracy of CT scan, the imaging studies should be supplemented
by preoperative clinical variables.
Methods: Patients undergoing laparoscopic cholecystectomy for simple and severe cholecys-
titis between 2007 and 2014 were compared. Severe cholecystitis included hemorrhagic,
gangrenous, emphysematous, xanthogranulomatous, and perforated cholecystitis. Prediction
models for severe cholecystitis were developed based on multivariate analyses of preoperative
clinical and radiologic variables.
Results: Independent factors related with severe cholecystitis were age 65 years, male
gender, body mass index (BMI) 25, serum leukocyte count 10,000/mm3, serum neutrophil
fraction 80%, serum platelet count 20,000/mm3, serum alanine transaminase (ALT)
level 40 IU/L, admission via the emergency department, and radiologic features of gall-
bladder wall thickening 4 mm, and presence of pericholecystic fluid collection (p < 0.05).
A standard risk assessment scale (range: 0e77) for severe cholecystitis was developed based
on the individual hazard rate of these variables. Patients scoring 28 on the risk assessment
scale showed an 8.6 higher odds of severe cholecystitis than those scoring <28 (p < 0.01).
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Cholecystitis accounts for a substantial portion of hospital
admissions related to gastrointestinal diseases, and chole-
cystectomy is the therapeutic gold standard to avoid its
complications. According to the degree of inflammation,
cholecystitis can be divided into simple and severe chole-
cystitis. Untreated simple cholecystitis resolves within
7e10 days if it does not progress to more severe cholecys-
titis.1 The severe forms of cholecystitis include secondary
changes such as hemorrhage, gangrene, emphysema, xan-
thogranuloma, and perforation.2 Patients with severe
cholecystitis usually require a higher number of intensive
care unit admissions, prolonged postoperative hospital
stays, and have increased morbidity and mortality.3e6 To
minimize those risks, it would be highly advantageous to
predict the inflammatory severity preoperatively and to
determine proper operative timing and method based on it.
Computed tomography (CT) has shown considerable
diagnostic accuracy in diagnosing acute cholecystitis;
however, CT has low discriminative value for differentiating
between simple and severe cholecystitis. Bennett et al7
reported that sensitivity and accuracy of CT for severe
cholecystitis were 29.3% and 64.1%, respectively. There-
fore, to enhance the diagnostic accuracy of CT scan, the
more specific CT findings for severe cholecystitis should be
stressed and supplemented by clinical variables. In this
study, we intended to develop and validate scoring systems
to predict severe cholecystitis based on preoperative clin-
ical and radiologic parameters.
2. Methods
2.1. Study design and data collection
We prospectively collected and retrospectively reviewed
data from patients who underwent laparoscopic cholecys-
tectomies due to acute/chronic cholecystitis in Daejeon St.
Mary’s Hospital, College of Medicine, the Catholic Univer-
sity of Korea, between March 2007 and February 2014. After
verification of the current data, the related radiology and
pathology reports were supplemented as a part of this
study. This study was approved by the institutional review
board (IRB code: DC14RISI0068) of our institution. During
the study period, 1023 cholecystectomies were performed
either by the open or the laparoscopic approach. Our in-
clusion criteria of this study were patients who had un-
dergone laparoscopic cholecystectomy due to acute/
chronic cholecystitis without malignancy. According to our
inclusion criteria, we excluded patients: (1) whose patho-
logic results indicated either absence of cholecystitis or theKim K-H, et al., Risk assessmen
tomy, Asian Journal of Surgery (2presence of malignancy (n Z 20); and (2) who had initially
attempted to undergo open cholecystectomy (n Z 10).
Thus, the remaining 983 patients became the subject of
this study. We divided the study population into two groups
based on the operative details and pathologic characteris-
tics: simple cholecystitis and severe cholecystitis. There-
after, we performed univariate and multivariate analyses
using preoperative variables to find factors predictive of
severe cholecystitis.
2.2. Terminology and definitions
Cholecystitis was defined based on the histological findings
of an inflammatory infiltrate on examination of the gall-
bladder wall. Severe cholecystitis was defined as chole-
cystitis complicated by secondary changes, including
hemorrhage, gangrene, emphysema, or perforation, and/or
when pathological examination indicated xanthogranulom-
atous cholecystitis. Of severe cholecystitis, while gangre-
nous and xanthogranulomatous cholecystitis were
pathologically diagnosed, the diagnoses of hemorrhagic,
emphysematous, and perforated cholecystitis were
considerably assisted by operative details. All the other
findings were categorized as simple cholecystitis.
Our criteria for admission with the suspicion of acute
cholecystitis via the emergency department are as follows:
(1) patients who complain of intractable abdominal pain;
(2) patients who raise a suspicion of abdominal sepsis evi-
denced by clinical findings; and (3) patients who have
symptoms and physical examination suggestive of acute
cholecystitis. Nearly all patients underwent an abdominal
CT scan preoperatively. Abdominal ultrasound images were
used sporadically when CT images were not available.
Literature suggests that the gallbladder is generally
considered distended if measures >5 cm in the short axis
and >8 cm in length on the imaging study.8 Therefore, in
this study, gallbladder distension was defined when the
value obtained by multiplying the short axis and the length
of gallbladder was 40. The gallbladder wall was consid-
ered to be thickened when the thickest portion measured
4 mm.8 Operation time referred to the time interval be-
tween the initial skin incision and completion of wound
closure, as documented by an anesthesiologist. Conversion
was defined as the completion of any part of a procedure
using an open technique except for minimal wound exten-
sion (10 mm) for specimen delivery. In addition, the
incidence of an addition of ports during surgery was also
counted.
Postoperative complications were defined as those
occurring within the same hospital stay as the surgical
procedure. Intraabdominal hemorrhage was defined as
bleeding requiring transfusion, radiological, or surgicalt scales and predictors for simple versus severe cholecystitis in
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from the intraperitoneally placed drain persisted up to the
7th postoperative day or required radiological or surgical
intervention; delayed gastric emptying was defined as
a nasogastric tube left in place for 4 postoperative days or
a need for reinsertion of the nasogastric tube after
3 postoperative days or when the patient was unable to
tolerate solid oral intake by postoperative day 79; and
voiding difficulty was defined as the ongoing requirement
for urinary catheterization up to the 7th postoperative day.
2.3. Statistical analysis
Data were described as means  standard deviations, or as
medians and ranges. Continuous variables were compared
using the independent t test, while categorical variables
were compared using the Chi-square test. Multiple regres-
sion analyses were performed using a proportional hazards
model to identify preoperative variables independently
associated with severe cholecystitis, and to estimate the
corresponding odds ratio (OR) in 95% confidence intervals
(CI). Based on the logarithmic values of the ORs, a predic-
tive model for complicated cholecystitis was developed.
Statistical analysis was performed using SPSS version 15.0
(SPSS Inc., Chicago, IL, USA). A p value <0.05 was consid-
ered statistically significant.
3. Results
3.1. Comparison of simple versus severe
cholecystitis according to preoperative variables
A total of 983 patients (mean age 55.6 years, 540 men and
443 women) were included in this study. Of these, 804
patients (81.8%) exhibited calculous cholecystitis and 179
patients (18.2%) exhibited acalculous cholecystitis. Patho-
logically, patients with simple and severe cholecystitis
numbered 830 (84.4%) and 153 patients (15.6%), respec-
tively. Of these, 376 patients (38.3%) were admitted via the
emergency department and 607 (61.7%) were admitted via
the outpatient clinic.
Preoperative variables between the patients with simple
cholecystitis and severe cholecystitis were first compared
(Table 1). The two groups showed differences in age, sex,
body mass index (BMI), admission route, serum biochemical
parameters [serum leukocyte count, serum neutrophil
fraction, serum platelet count, and serum alanine trans-
aminase (ALT) level], and radiological parameters (gall-
bladder distension, gallbladder wall thickening, and
pericholecystic fluid collection) (all p values <0.05) (Table
1). There were no differences between the groups with
regard to other variables, such as comorbidity and serum
total bilirubin level.
Preoperative variables between the patients with sim-
ple cholecystitis and severe cholecystitis were first
compared (Table 1). These two groups showed significant
differences from each other. The severe cholecystitis
group included more aged patients (p < 0.001), male pa-
tients, higher BMI patients, higher admission via the
emergency department, and those with higher leukocyte
counts, neutrophil fraction, and lower platelet counts (allPlease cite this article in press as: Kim K-H, et al., Risk assessmen
performing laparoscopic cholecystectomy, Asian Journal of Surgery (2p values <0.05). Imaging studies also revealed that the
severe cholecystitis group exhibited significantly marked
gallbladder distention, thickening, and pericholecystic
fluid collection than did the simple cholecystitis group (all
p values <0.05).
3.2. Comparison of operative and postoperative
variables
Next, surgical outcomes were compared between the
groups (Table 2). Our laparoscopic surgery has been
accomplished using single, two, three, and four ports ac-
cording to the operative period and the expected degree of
difficulty. Whereas four port procedures have been per-
formed more in patients with severe cholecystitis, single
port procedures were performed more in patients with
simple cholecystitis (p < 0.05). Severe cholecystitis resul-
ted in a higher incidence of intraoperative drain installation
(56.2% vs. 33.6%, p < 0.001) and longer operation times
than simple cholecystitis (93.0 minutes vs. 73.3 minutes,
p < 0.001). However, the two groups showed no difference
in the conversion rates.
Postoperatively, severe cholecystitis was associated
with a higher requirement for intravenous analgesics (4.1
times vs. 3.0 times, p Z 0.007) and longer hospital stays
(5.9 days vs. 4.0 days, p < 0.001). The overall incidence of
postoperative complications was 4.3%. The common com-
plications included voiding difficulty, pleural effusion, and
pneumonia. Expectedly, patients with severe cholecystitis
had a higher incidence of postoperative complications
than those with simple cholecystitis (14.4% vs. 2.4%,
p < 0.001).
3.3. Risk assessment scales of severe cholecystitis
To predict severe cholecystitis with high accuracy preop-
eratively, we determined the risk factors for severe
cholecystitis using preoperative variables (Table 3). On
univariate analysis, preoperative variables that correlated
with severe cholecystitis were age 65 years, male gender,
BMI  25, serum leukocyte count 10,000/mm3, serum
neutrophil fraction 80%, serum platelet count <20,000/
mm3, serum ALT level 40 IU/L, admission via the emer-
gency department, and CT findings of gallbladder wall
thickening 4 mm and presence of pericholecystic fluid
collection (all p values <0.05). Subsequent multivariate
analysis identified that all of the same variables were
correlated with severe cholecystitis (p < 0.05), except for
the serum neutrophil fraction and serum ALT level.
To make a predictive model for severe cholecystitis
based on multivariate analyses, the logarithmic values of
the ORs were calculated, multiplied by 10, and rounded to
obtain a score for each predictor. For an individual patient,
the risk factors predicting severe cholecystitis could be
estimated after summing up the individual score. The range
of risk assessment values was 0e77. Admission via the
emergency department (score 17) and collection of peri-
cholecystic fluid (score 18) were marked as the highest
scoring variables.
A receiver operating characteristic (ROC) curve was
established to determine the cut-off for the risk assessmentt scales and predictors for simple versus severe cholecystitis in
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Table 1 Demographic and preoperative characteristics of patients who underwent laparoscopic cholecystectomy due to
cholecystitis.
Total patients
(n Z 983)
Simple cholecystitis
(n Z 830)
Severe cholecystitisa
(n Z 153)
p
Age (y) <0.001
Mean  SD 56.6  15.6 55.4  15.6 61.4  14.6
Median (range) 58 (13e91) 57 (13e91) 61 (28e90)
Sex <0.001
Male 443 (45.1) 349 (42.0) 94 (61.4)
Female 540 (54.9) 481 (58.0) 59 (38.6)
Body mass index 0.014
Mean  SD 24.5  3.7 24.3  3.6 25.1  4.1
Median (range) 24.3 (16.0e40.4) 24.0 (16.0e40.4) 24.9 (16.2e36.2)
Comorbidity, n (%) 0.429
Charlson index Z 0 719 (73.1) 611 (73.6) 108 (70.6)
Charlson index > 0 264 (26.9) 219 (26.4) 45 (29.4)
Previous abdominal surgery (%) 0.911
No 794 (80.8) 671 (80.8) 123 (80.4)
Yes 189 (19.2) 159 (19.2) 30 (19.6)
Serum leukocyte count (count/mm3) <0.001
Mean  SD 8562  4115 7979  3413 10906  5625
Median (range) 7500 (1500e27,500) 7200 (1500e23,400) 9500 (1500e27,500)
Neutrophil fraction (%) <0.001
Mean  SD 57.59  19.93 55.22  19.30 70.44  18.38
Median (range) 56.2 (21.0e98.0) 53.9 (21.0e98.0) 76.6 (23.4e97.6)
Serum platelet count (count/mm3) 0.045
Mean  SD 240,789  80,216 245,947  80,861 220,036  74,475
Median (range) 232,500 (66,000e565,000) 237,000 (66,000e565,000) 215,000 (84,000e398,000)
Serum ALT (IU/L) 0.091
Mean  SD 29.2  36.9 28.4  38.2 32.5  31.8
Median (range) 22 (5e513) 21 (5e513) 25 (6e215)
Serum total bilirubin (mg/dL) 0.161
Mean  SD 0.6  1.2 0.5  0.4 0.8  2.8
Median (range) 0.4 (0.1e34.0) 0.4 (0.1e5.1) 0.4 (0.2e34.0)
Admission route <0.001
Emergency department 376 (38.3) 261 (31.4) 115 (75.2)
Outpatient clinic 607 (61.7) 569 (68.6) 38 (24.8)
Presence of combined CBD stone (CT) 1.000
No 966 (98.3) 815 (98.2) 151 (98.7)
Yes 17 (1.7) 15 (1.8) 2 (1.3)
GB distension (CT) <0.001
No 698 (71.0) 651 (78.4) 47 (30.7)
Yes 285 (29.0) 179 (21.6) 106 (69.3)
GB wall thickening (CT) <0.001
<4 mm 542 (55.1) 482 (58.1) 60 (39.2)
4 mm 441 (44.9) 348 (41.9) 93 (60.8)
Pericholecystic fluid collection (CT) <0.001
No 966 (98.3) 822 (99.0) 144 (94.1)
Yes 17 (1.7) 8 (1.0) 9 (5.9)
ALT Z alanine transaminase; CBD Z common bile duct; CT Z computed tomography; GB Z gallbladder; SD Z standard deviation.
a Severe cholecystitis included emphysematous cholecystitis, gangrenous cholecystitis, xanthogranulomatous cholecystitis, and
perforated cholecystitis.
4 K.-H. Kim et al.
+ MODELvalues that could discriminate between simple and severe
cholecystitis (Fig. 1). The ROC area under the curve was
0.826 (95% CI 0.792e0.860, p < 0.001). With a risk assess-
ment value of 27.5, the sensitivity and specificity were
74.5% and 74.7%, respectively (Fig. 1). Therefore, we
determined 28.0 as the cut-off value, and divided thePlease cite this article in press as: Kim K-H, et al., Risk assessmen
performing laparoscopic cholecystectomy, Asian Journal of Surgery (2patient population into two groups: the low risk group (risk
assessment scale < 28, n Z 659) and the high risk group
(risk assessment scale 28, nZ 324) (Table 4). The low risk
group included 5.9% (39/659) of patients with severe
cholecystitis, and the high risk group included 35.1% (114/
324) of patients with severe cholecystitis. It was shown thatt scales and predictors for simple versus severe cholecystitis in
016), http://dx.doi.org/10.1016/j.asjsur.2015.12.006
Table 2 Intraoperative and postoperative variables of patients who underwent laparoscopic cholecystectomy due to
cholecystitis.
Total
(n Z 983)
Simple cholecystitis
(n Z 830)
Severe cholecystitis
(n Z 153)
p
Presence of gallstone(s) 0.068
No 179 (18.2) 143 (17.2) 36 (23.5)
Stone(s) 804 (81.8) 687 (82.8) 117 (76.5)
Operative procedure <0.001
Four-port procedure 298 (30.3) 229 (27.6) 69 (45.1)
Three-port procedure 121 (12.3) 107 (12.9) 14 (9.2)
Two-port procedure 470 (47.7) 400 (48.2) 69 (45.1)
Single port procedure 94 (9.7) 94 (9.6) 1 (0.7)
Mean operative time (min) <0.001
Mean  SD 76.4  35.7 73.3  33.7 93.0  41.2
Median (range) 70 (15e370) 65 (15e340) 85 (40e370)
Insertion of a drain <0.001
Yes 365 (37.1) 279 (33.6) 86 (56.2)
No 618 (62.9) 551 (66.4) 67 (43.8)
Conversion 0.359
Open conversion 10 (1.0) 7 (0.8) 3 (2.0)
Adding one or more port(s) 10 (1.0) 8 (1.0) 2 (1.3)
Frequency of total analgesics 0.007
Mean  SD 3.1  3.8 3.0  3.6 4.1  4.7
Median (range) 2 (0e23) 2 (0e23) 2 (0e22)
Postoperative hospital stay (d) <0.001
Mean  SD 4.3  2.9 4.0  2.6 5.9  3.4
Median (range) 4 (1e25) 3 (1e25) 5 (1e22)
Readmission 0.194
No 973 (99.0) 823 (99.2) 150 (98.0)
Yes 10 (1.0) 7 (0.8) 3 (2.0)
Postoperative complications 42 (4.3) 20 (2.4) 22 (14.4) <0.001
Voiding difficulty 10 8 2
Pleural effusion 9 5 4
Pneumonia 6 0 6
Bleeding 5 3 2
Wound infection 4 2 2
Pneumothorax 2 0 2
Delayed gastric emptying 1 0 1
Pancreatitis 2 1 1
Bile leakage 3 1 2
SD Z standard deviation.
Predictors for severe cholecystitis 5
+ MODELthe high risk group had 8.6 times higher risk of severe
cholecystitis than the low risk group (95% CI 5.809e12.821,
p < 0.001).
Furthermore, for quicker and more convenient use in
clinical settings, we developed an additive model based on
the five highest adjusted risk factors (Table 5). According to
this quick-and-easy predictingmodel for severe cholecystitis,
the intermediate and high risk groups were shown to have 6.5
times and 25.1 times higher risks of having severe cholecys-
titis than the low risk group, respectively (p < 0.001).4. Discussion
An abdominal CT scan shows high accuracy in diagnosing
cholecystitis; however, it still has low accuracy inPlease cite this article in press as: Kim K-H, et al., Risk assessmen
performing laparoscopic cholecystectomy, Asian Journal of Surgery (2discriminating between simple cholecystitis and severe
cholecystitis. In this study, to improve predictability of
severe cholecystitis, several clinical variables were incor-
porated to complement CT findings. The potential risk
factors for severe cholecystitis were identified as age
65 years, male gender, BMI 25, serum leukocyte count
10,000/mm3, serum neutrophil fraction 80%, serum
platelet count <20,000/mm3, serum ALT level 40 IU/L,
admission via the emergency department, CT findings of
gallbladder wall thickening 4 mm, and collection of per-
icholecystic fluid. After scoring according to the individual
risk assessment, we have developed two predicting models
for severe cholecystitis: a standard predicting model and a
quick-and-easy predicting model for severe cholecystitis.
Our scoring system showed higher predictability for severe
cholecystitis than that of an abdominal CT scan; while thet scales and predictors for simple versus severe cholecystitis in
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Table 3 Univariate and multivariate analyses of factors determining severe cholecystitis and risk stratification.
Univariate analysis Multivariate analysis
OR 95% CI p Adjusted OR 95% CI p Log OR Score
Age
<65 y (standard) 1
65 y 2.074 1.461e2.945 <0.001 1.743 1.146e2.653 0.009 0.56 6
Sex
Female (standard) 1
Male 2.169 1.542e3.127 <0.001 2.086 1.383e3.146 <0.001 0.74 7
Body mass index
<25 (standard) 1
25 1.467 1.038e2.074 0.033 2.047 1.350e3.103 0.001 0.72 7
Serum leukocyte (count/mm3)
<10,000 (standard) 1
10,000 4.351 3.036e6.235 <0.001 2.450 1.444e4.159 0.001 0.90 9
Neutrophil fraction (%)
<80% (standard) 1
80% 4.534 3.104e6.623 <0.001
Serum platelet (count/mm3)
200,000 (standard) 1
<200,000 1.671 1.172e2.383 <0.006 1.804 1.181e2.757 0.006 0.59 6
Serum ALT, IU/L
<40 (standard) 1
40 1.768 1.140e2.742 0.016
Admission via emergency department
No (standard) 1
Yes 6.598 4.445e9.793 <0.001 5.216 3.363e8.090 <0.001 1.65 17
GB wall thickening (CT)
<4 mm (standard) 1
4 mm 2.147 1.509e3.054 <0.001 1.910 1.268e2.876 0.002 0.65 7
Presence of pericholecystic fluid (CT)
No (standard) 1
Yes 6.340 2.405e16.711 <0.001 6.043 1.953e18.702 0.002 1.80 18
ALT Z alanine transaminase; CI Z confidential interval; CT Z computed tomography; GB Z gallbladder; OR Z odds ratio.
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56.9%, the predictability of our scoring system was 74.5%.
Our predictive models have several advantages. First,
our standard model is based on the eight preoperative
variables which are intuitive, consistent, and easily avail-
able. They include three patient characteristics (age, sex,
and BMI), one clinical characteristic (admission route), two
laboratory parameters (serum leukocyte and platelet
count), and two radiologic features (gallbladder wall
thickening and presence of pericholecystic fluid collec-
tion), all of which were easily attainable at the emergency
department or on admission. Second, they have high pre-
dictability for severe cholecystitis; it was shown that the
high risk group had 8.6 times higher risk of severe chole-
cystitis than the low risk group. This high predictability
would make it possible to prioritize patients based on the
risk of severe cholecystitis. Finally, the quick-and-easy
model maximizes the availability of the standard predic-
tive model while maintaining high predictability.
Severe cholecystitis has been divided into subtypes,
including hemorrhagic, gangrenous, emphysematous, xan-
thogranulomatous, and perforated cholecystitis. Specif-
ically, gangrenous cholecystitis is induced by inflammation-
driven interruption of blood flow to the gallbladder.7Please cite this article in press as: Kim K-H, et al., Risk assessmen
performing laparoscopic cholecystectomy, Asian Journal of Surgery (2Emphysematous cholecystitis is caused by secondary
infection of the gallbladder wall with gas-forming organ-
isms, demonstrating gas within the gallbladder wall. Hem-
orrhagic cholecystitis is caused by vascular congestion
resulting from gallbladder edema. Xanthogranulomatous
cholecystitis is characterized by chronic inflammation of
the gallbladder accompanied by xanthogranuloma forma-
tion.10 All of these changes ultimately lead to the gall-
bladder perforation.11
Tokyo guidelines (TG), which were first published in 2007
and revised in 2013, have been recognized as the diagnostic
criteria for cholecystitis.12e14 TG classify the severity
grading of acute cholecystitis into three categories: Grade I,
Grade II, and Grade III cholecystitis. Of these, Grade II
cholecystitis was defined as acute cholecystitis in which the
degree of acute inflammation is likely to be associated with
increased operative difficulty in performing cholecystec-
tomy. The criterion for being included into the Grade II
cholecystitis is marked local inflammation. The marked local
inflammation in the TG indicates the presence of gangre-
nous cholecystitis, pericholecystic abscess, hepatic abscess,
biliary peritonitis, or emphysematous cholecystitis. Preop-
eratively, they could be estimated from imaging studies.
Therefore, we think our study, which helps to improve thet scales and predictors for simple versus severe cholecystitis in
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Table 4 Estimation of risk of severe cholecystitis by standard predictive model.
Groups Total scorea Ratio of patients with severe
cholecystitis vs. total population (%)
Hazard ratio of severe
cholecystitis
95% CI p
Low risk group <28 39/659 (5.9) 1
High risk group 28 114/324 (35.2) 8.630 5.809e12.821 <0.001
a The total score is calculated by summing up the individual score indicating age  65 years (score 6), male gender (score 7), body
mass index  25 (score 7), serum leukocyte count  10,000/mm3 (score 9), serum platelet count < 20,000/mm3 (score 6), admission via
the emergency department (score 17), and computed tomography findings of gallbladder wall thickening  4 mm (score 7) and presence
of pericholecystic fluid collection (score 18).
Figure 1 Receiver operating characteristic (ROC) curve for
simple and severe cholecystitis. The area under the ROC curve:
0.826. 95% confidence intervals 0.792e0.860; p < 0.001.
Table 5 Quick-and-easy model to estimate risk of severe cholecystitis.
Groups No. of strongest
risk factorsa
Ratio of patients with
severe cholecystitis vs.
total population (%)
Hazard ratio of severe
cholecystitis
95% CI p
Low risk group 0e1 25/517 (4.8) 1
Intermediate risk
group
2e3 105/425 (24.7) 6.458 4.083e10.212 <0.001
High risk group 4e5 23/41 (56.1) 25.147 12.044e52.503 <0.001
CI Z confidential interval.
a The five strongest risk factors include: (1) presence of pericholecystic fluid collection on the imaging study (score 18); (2) admission
via the emergency department (score 17); (3) serum leukocyte count 10,000/mm3 (score 9); (4) gallbladder wall thickening on imaging
study 4 mm (score 7); and (5) male gender (score 7).
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+ MODELdiagnostic accuracy of preoperative CT scans, would assist
proper application of TG, and prioritize severe patients
among the same grade in TG.
Our scoring systems allow us to determine operative
method and timing more correctly. In our quick-and-easy
model, high risk and intermediate risk groups showed 6.458Please cite this article in press as: Kim K-H, et al., Risk assessmen
performing laparoscopic cholecystectomy, Asian Journal of Surgery (2times and 25.147 times higher risks for severe cholecystitis
than the low risk group. Therefore, for the safety of pa-
tients, we recommend that not reduced-port surgery, but
standard operations for cholecystitis (i.e., 4 port laparo-
scopic surgery or open surgery) would be first considered to
the high risk patients. In addition, the difficulties encoun-
tered during operation in high risk patients would be
properly assisted by rapid addition of another port(s) or
conversion to open surgery. Furthermore, high risk patients
would be considered to undergo preoperative percutaneous
cholecystostomy or a broad spectrum antibiotics course to
ameliorate inflammation.
This study has several limitations. First, our results are
based on the retrospective study; therefore, it should be
confirmed by prospective trials. Second, because of our
definition of cholecystitis which had been solely based on
the pathology, our study population included a number of
patients with minimal or even without symptoms. Never-
theless, we think our inclusion criteria of patients did not
affect the relevance of this study. Finally, the incidence of
acalculous cholecystitis herein was 18.2% which was higher
than the general range (2e15%) as noted by other
studies.15,16 Acalculous cholecystitis generally exhibits
poorer prognosis than calculous cholecystitis. Therefore,
the composition of patient population should be taken into
consideration when interpreting our results.In conclusion, we have developed two predictive models
for severe cholecystitis: standard and quick-and-easy
models. Based on the standard predicting model, the high
risk group was shown to have 8.6 times higher risk of severe
cholecystitis than the low risk group. In addition, based on
the quick-and-easy model, the intermediate and high riskt scales and predictors for simple versus severe cholecystitis in
016), http://dx.doi.org/10.1016/j.asjsur.2015.12.006
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+ MODELgroups were shown to have 6.5 times and 25.1 times higher
risks of having severe cholecystitis than the low risk group,
respectively. The clinical application of our predictive
models is expected to improve the outcomes of patients
with severe cholecystitis.
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